Feed Intake, BW, and Uniformity. Feed intake (g/ bird per d) was recorded weekly and adjusted to reach the target BW. To monitor BW and BW gain, all hens per pen were weighed weekly in the morning before feeding from 0 to 27 wk of age. From 28 wk onward, birds per pen were weighed at a 2-weekly interval 6 h after feeding to prevent any disturbance of oviposition. Body weight development (g/bird per wk) was used to determine the amount of feed for the next week for the different treatments. Individual BW of all hens was recorded at 5, 10, 15, and 20 wk of age. Body weight uniformity (CV%) was determined by calculating the 2092 VAN EMOUS ET AL.
INTRODUCTION
Modern-day broilers have approximately 9% more breast muscle, whereas the total fat percentage is approximately 7% lower than broilers 30 yr ago (De Beer, 2009 ). The results of selection changed body composition of broilers and led to major changes in the growth potential of these birds (Havenstein et al., 2003a,b; Renema et al., 2007) . Not only have feed conversion ratio, growth rate, and body composition of broilers changed, but also of broiler breeders. At the onset of lay, modern broiler breeders have less fat and more breast muscle than a few decades ago, resulting in a delay of maturity (Decuypere et al., 2010) . More breast muscle has resulted in an increased energy requirement to maintain this metabolically active tissue (De Beer, 2009 ). Some researchers suggest that a certain percentage of body fat in broiler breeders at the onset of lay is necessary for an adequate reproductive performance (Bornstein et al., 1984; Sun and Coon, 2005; De Beer, 2009; Mba et al., 2010) . Yu et al. (1992a,b) hypothesized that a sufficient feed allowance and a minimum body fat content during the prebreeding period are important to promote sexual maturity in broiler breeders. Body composition can be affected by the use of different feed allowances during rearing (Fattori et al., 1993; Renema et al., 2001a; Robinson et al., 2007) and laying (Bornstein et al., 1984; Bowmaker and Gous, 1989; Renema et al., 2001b) . On the other hand, body composition can also be influenced by differences in diet composition. Different energy or protein levels may affect the fat content of the breeder during rearing (Miles et al., 1997; Hudson et al., 2000) or laying (Pearson and Herron, 1981;  Effects of growth patterns and dietary crude protein levels during rearing on body composition and performance in broiler breeder females during the rearing and laying period ABSTRACT The combined effects of growth pattern (GP) and dietary CP level during rearing (2 to 22 wk of age) on body composition and performance were investigated in broiler breeder females from 0 to 40 wk of age. One-day-old pullets (n = 768) were randomly allotted to 48 pens according to 2 growth patterns (standard = SGP and high = HGP) and fed using 1 of 3 dietary CP levels (high = CPh, medium = CPm, and low = CPl). From 19 to 22 wk of age, feeding level was gradually adjusted to obtain a similar target BW for all birds, and then until 40 wk of age, all birds received similar amounts of a standard breeder diet. During the rearing period, the HGP pullets were fed a higher feed intake level (6.5%) than SGP pullets. To meet BW targets at 22 wk of age, feed intake from d 14 onward had to be increased for the CPm (4.6%) and CPl (10.0%) treatments. Breast muscle percentages of HGP and SGP pullets were similar at any age, although abdominal fat pad at 20 wk was 0.18% higher for HGP pullets. Pullets fed the CPl diet had a lower breast muscle percentage compared with pullets fed the CPm and CPh diets (0.46 and 0.85% at wk 10, 0.81 and 1.45% at wk 20, respectively). Abdominal fat pads in CPl pullets were 0.18 and 0.22% (wk 10), and 0.24 and 0.42% (wk 20) higher compared with CPm and CPh pullets, respectively. At 40 wk of age, no effects on breast muscle and abdominal fat pad were found among all treatments. Egg production, sexual maturation, and egg weight were not affected by GP and CP levels during rearing. It was concluded that a low CP diet during rearing decreased breast muscle and increased abdominal fat pad, whereas a high GP only increased abdominal fat pad, at the end of the rearing period. Decreasing dietary CP level seems to be more effective in increasing abdominal fat pad than increasing GP. Spratt and Leeson, 1987) . Recently, Mba et al. (2010) showed that a low dietary protein level during rearing increased abdominal fat and decreased breast muscle of pullets at the onset of lay. However, the best method for influencing body composition before the onset of lay is not yet clear. This study investigated the combined effects of 2 different growth patterns and 3 different dietary protein levels, during rearing of broiler breeder females, on body composition during rearing and mature bird performance. It was hypothesized that an increased abdominal fat content at the end of the rearing period will improve reproductive performance of modern broiler breeders during the laying period.
MATERIALS AND METHODS
The protocol for the experiment conformed to the standards for animal experiments and was approved by the Ethical Committee of Wageningen UR, the Netherlands. Animal care guidelines were used according to the Euro guide recommendations for animal use for experimental and other scientific purposes (Forbes et al., 2007) .
Birds, Housing, and Management
A total of 768 one-day-old Ross 308 female broiler breeder chickens were housed in 2 identical climate-controlled rooms. All chickens were individually identified by steel wing tags fitted in wk 1. Within each room, 24 floor pens (0.90 × 1.50 m) were used, each containing 16 pullets at the start of the experiment. The number of pullets per pen was gradually reduced to 15 (wk 4), 12 (wk 10), 9 (wk 15), and 6 (wk 20), due to dissection procedures (2 per pen at wk 10, 15, and 20), sex errors, and if no mortality had occurred some outlier birds were removed additionally. Stocking density was reduced from 11.9 pullets per m 2 in wk 1 to 4.4 pullets at 20 wk of age. Each pen contained 2 perches, 2 feeding troughs (total length of 100 cm), and 4 nipple drinkers, with wood shavings used as litter. Throughout the experiment, litter quality was maintained by adding new wood shavings every 6 wk. At wk 20, a laying nest was placed outside each pen while one of the feeding troughs was removed. During the first 2 d, temperature in the housing was maintained at 33°C, and from d 3 onward, temperature was gradually decreased to reach 20°C at 5 wk of age and maintained thereafter. Light was on 24 h per day for the first 2 d, with a gradual reduction to 8 h per day by wk 3, which was maintained until wk 21. Birds were photo-stimulated with 11 h of light at wk 21, and day length was extended by 1 h (later 0.5 h) per week to a 15L:9D light schedule at 27 wk of age. This was maintained until the end of the experiment at 40 wk of age, with lights on from 0400 to 1900 h. During rearing, a light intensity of 20 lx at the bird level was applied; during laying this was increased to 60 lx.
Pullets were vaccinated according standard vaccination program of the management guide of this breed, and beaks were trimmed at d 3. Feed was provided ad libitum from d 0 to 2 wk of age with a maximum of 40 g of feed per pullet toward the end of this period. Pullets were restricted in their amount of feed from wk 3 onward. During the experiment, birds were fed diets in a mash form daily. Water availability was restricted during the rearing period by closing the nipples 2 h after all feed had been eaten to prevent overconsumption of water. Health status of the hens was monitored daily.
Experimental Design
From wk 0 to 2, all pullets followed the same growth pattern and received the same standard starter-1 diet. At 14 d, birds were randomly allotted to 1 of 6 dietary treatments according to a 2 × 3 factorial design. Factors were 2 growth patterns (standard = SGP and high = HGP) and 3 dietary protein levels (high protein = CPh, medium protein = CPm, and low protein = CPl). A starter-2 diet was fed from 2 to 6 wk of age, a grower diet from 6 to 15 wk of age, and a prebreeder diet (in the transition period) from 15 to 22 wk of age. From 22 to 40 wk of age, a standard breeder diet was provided to all birds. Compositions and calculated contents of the diets are presented in Table 1 . Growth patterns were set to reach differences of 200 g in BW at 20 wk of age: 2,400 g (HGP) vs. 2,200 g (SGP). The SGP was the recommended breeder growth pattern (Aviagen, 2006) . Body weight targets were directive, and the daily feed allocation was adjusted weekly per pen to reach the predetermined BW target of that week. From 19 to 22 wk of age, feeding level was gradually adjusted to obtain a similar target BW for all birds at onset of lay as soon as possible. Within each phase, all diets (from 2 to 22 wk of age) had similar energy levels. Digestible amino acid levels were lowered by 8 and 16% for the CPm and CPl diets, respectively, compared with the CPh diet. Differences between CPh, CPm, and CPl diets were obtained by changing specific ingredients. Amino acid contents relative to digestible lysine, however, were similar for all diets. Based on 2 analyses in duplicate per diet.
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SD of BW divided by the average BW for each pen. Mortality was calculated excluding culled and dissected birds. Body Composition. On wk 10, 15, 20, and 40, 2 randomly selected birds per pen were killed by cervical dislocation and weighed. The pectoralis major, pectoralis minor, and abdominal fat pad were dissected from the carcass and weighed. Total breast weight was calculated as the sum of the weights of the pectoralis major and minor. The weights of the breast muscle and abdominal fat pad were calculated as a percentage of BW.
Egg Production. Oviposition started at 23 wk of age. All eggs were collected daily and recorded every week for the determination of weekly and total egg production. All cracked, soft-shelled, double-yolked, dirty, and small eggs (under 50 g) were recorded and defined as unsettable. A clean egg (above 50 g) with an intact shell and a single yolk was defined as a settable egg. Egg production was recorded from the day the first egg in the pen was collected to the last day of the experiment (40 wk of age). Egg weights of all hatching eggs (settable and small eggs) were recorded on a weekly base. Age at 50% production (d) was determined by linear interpolation of the week (in days) where birds past 50% rate of lay. Peak egg production was determined as a 3-wk rolling average.
Statistical Analysis
Data were analyzed as a randomized block design with general ANOVA (GenStat 14 Committee, 2011). The effects of room and pen were added to the random term of the model. Pen was the experimental unit and parameters were tested for normal distributions before analyses. Data were presented as means ± SEM. All statements of significance are based on testing at P ≤ 0.05.
RESULTS

Mortality
The average mortality during the rearing (from 2 to 22 wk of age) and laying (from 22 to 40 wk of age) periods was 0.4 and 1.4%, respectively. No differences were observed in mortality between treatments during both periods (data not presented).
Feed Intake, BW, and Uniformity
Feed and nutrient intakes between 2 and 22 wk of age are shown in Table 2 . To meet BW targets at 22 wk of age, feed and energy intake between 2 and 22 wk of age were increased in SGP-CPm, and SGP-CPl birds by 4.8 and 9.5%, respectively, compared with the SGP-CPh treatment. Birds fed the HGP-CPm and HGP-CPl diets received a 4.4 and 10.5% higher feed amount and as a consequence also energy amount to meet BW targets at 22 wk of age compared with the HGP-CPh birds, respectively. Protein intake was decreased by 3.3 and 5.9% in SGP-CPm and SGP-CPl birds, compared with the SGP-CPh birds, whereas HGP-CPm and HGP-CPl birds had a 3.6 and 5.0% lower protein intake. Differences in digestible lysine and methionine + cystine intake were similar as in protein intake.
Body weights and CV at different ages are shown in Table 3 . At 5, 10, 15, and 20 wk of age, the HGP pullets were 12, 70, 123, and 163 g heavier than the SGP pullets, respectively. Pullets on the different dietary protein levels followed the same growth pattern (SGP or HGP). Although daily feed allocations were adjusted for the different protein groups to reach the predetermined BW target of certain week, the results showed a small difference in BW between the protein groups of maximal 25 and 22 g at 5 and 10 wk of age, respectively. These differences disappeared at 15 and 20 wk of age. No differences in CV among treatments at 5, 10, and 15 wk of age were found. However, at 20 wk of age pullets fed the CPl diet showed, on average, a 3.3% lower CV compared with the pullets fed the CPm and CPh diets.
From 23 wk onward, all groups were provided the same daily amount of feed to allow convergence of the 2 growth patterns (Table 4) . At 25 wk of age, HGP hens had a 80 g higher BW than SGP hens, but from 30 wk of age onward, BW were not significantly different between treatments (data not shown).
Body Composition
At 10 and 20 wk of age, HGP pullets had 0.07 and 0.16% more abdominal fat pad than SGP pullets, respectively (Table 5 ). At 15 wk of age, no differences in abdominal fat pad were observed between SGP and HGP. A decrease in dietary protein level resulted in a linear reduction in breast muscle content and a linear increase in abdominal fat pad at 10 and 20 wk of age. At 15 wk of age, body composition was not affected by dietary protein level. No carryover effects of growth pattern and dietary protein level during rearing were found on body composition at 40 wk of age.
Egg Production
Applying different growth patterns and dietary protein levels during the rearing period did not affect total eggs/hen, total settable eggs/hen, total abnormal eggs/ hen, egg weight, age at sexual maturity (defined as age at 50% production), peak egg production, and age at peak egg production (Table 6 ).
DISCUSSION
The aim of this study was to evaluate the effects of different growth patterns and dietary protein levels on body composition and performance during the rearing and laying period of broiler breeder hens.
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Effect of Growth Pattern
The increased feed intake to reach the 8% higher BW targets for the HGP hens at end of rearing was according to expectations. 
Item
Feed intake (kg/pullet) AME n intake (kcal/pullet) CP intake (g/pullet)
Dig. Lys intake (g/pullet)
Dig. Met + Cys intake (g/pullet) the current study is somewhat lower than the 0.55 kg per 100 g increase of BW found by Gous and Cherry (2004) , probably because half of their experimental groups were subjected to different convex growth patterns. These birds reached an approximately 55% higher BW at 12 wk of age, resulting in a relative higher proportion of feed necessary for maintenance. Hens in that study raised, according to a linear growth curve, a value of 0.44 kg per 100 g of BW, which is similar to the results in the current study. The absence of an effect of a higher BW target at the end of the rearing period on CV was also shown in an experiment of Hocking et al. (2001) .
Up to 15 wk of age, pullets managed to have a standard and high growth pattern showed similar relative breast muscle and abdominal fat pad weights. At 20 wk of age, however, abdominal fat pad was slightly increased for the HGP compared with the SGP pullets, whereas breast muscle weight was not affected by the 8% higher BW at the end of the rearing period. In contrast, Fattori et al. (1993) and Renema et al. (2001a) did not find an effect of a 15 or 8% higher BW at 20 wk of age on abdominal fat pad content, respectively. Differences in abdominal fat pad appeared in these studies when, at the end of the rearing period, BW differed 23 and 21%, respectively. Sun and Coon (2005) , on the other hand, reported a decreased protein content of the body and no differences in fat content of the birds when BW was increased 13% at 20 wk of age. It was surprising that the severely restricted broiler breeder pullets in the current study showed a slightly increased relative abdominal fat pad weight when fed 6.5% more feed (but still far below ad libitum feed intake level) to an 8% higher BW at 20 wk of age. Differences in fat pad content between the birds of the 2 growth patterns at 20 wk of age fully disappeared in the hens at 40 wk of age. It was, therefore, suggested that if hens with a standard versus a high BW at the end of the rearing period were fed similar amounts of feed during the laying period, hens with the high BW were relatively more restricted than their standard BW counterparts, forcing them to use their body reserves. Sun and Coon (2005) also applied the principle of convergent BW curves during lay and found no differences in abdominal fat pad weight at the end of the laying period. On the other hand, Renema et al. (2001b) , who maintained BW differences during the laying period, still had a higher abdominal fat pad weight for the heavier birds at the end of lay. The relation between BW and sexual maturity was mentioned by several authors (Renema et al., 2001a,b; Hocking, 2004; Ekmay et al., 2012) who reported that as BW increases at the end of rearing period, age at which sexual maturity occurs decreases. Contrary to those findings, a higher BW at the end of the rearing period did not advance sexual maturity in the current study and is as found by Zuidhof et al. (2007) . Gous and Cherry (2004) found that every extra 100 g of BW at 20 wk of age advanced sexual maturity by 1.5 d. This is in close agreement with Sun and Coon (2005) and R. A. van Emous (unpublished data) who found that 50% hen-day egg production advanced by 0.9 and 1.0 d per 100 g of extra BW, respectively. Renema et al. (2001a) even found an advancement of 3.0 d per 100 g of extra BW. The difference between the above-mentioned studies and the current one could be due to the fact that in these studies growth patterns remained to be distinct from each other, whereas our growth patterns converged toward onset of lay. In the current study, the HGP hens were fed relative restricted from wk 20 onward compared with the higher BW, to achieve a similar BW as the SGP hens at the onset of lay.
An 8% (163 g) heavier BW for the HGP hens at the end of the rearing period in the current study did not increase average egg weight. This is in agreement with the results of Fattori et al. (1991) and Hocking et al. (2001 Hocking et al. ( , 2002 , who did not find an effect of an 8% (158 g at 20 wk of age) and 20% (365 g at 18 wk of age) higher BW target on average egg weight. Renema et al. (2001a,b) , Sun and Coon (2005) , and R. A. van Emous (unpublished data) attained larger differences in BW [21% (338 g), 13% (229 g), and 21% (427 g)] at the end of the rearing period (20 wk of age), respectively, resulting in a 1.1, 0.9, and 1.0 g higher egg weight. The reason for the absence of an effect on egg weight in the current study for the HGP hens and some of the studies mentioned above maybe due to the fact that from the end of the rearing period onward, the HGP hens were more severely restricted than the SGP hens because they were fed a similar amount of feed to converge BW. Another reason could be that the differences in BW at the end of the rearing period were not sufficiently large to affect initial or average egg weight. This hypothesis seems to be confirmed by other researchers who did not find a difference in average (Gous and Cherry, 2004; Ekmay et al., 2012) or initial egg weight even when birds showed a 16% (370 g), 20% (approximately 430 g), and 29% (588 g) higher BW at the end of the rearing period, respectively. These researchers also used a feeding schedule during the initial laying period to converge BW.
Total and settable eggs were not influenced by HGP. These results are similar to those of Fattori et al. (1991) , Hocking et al. (2002) , Gous and Cherry (2004) , Sun and Coon (2005) , and Zuidhof et al. (2007) . Ekmay et al. (2012) , however, reported an increased number of eggs per hen housed as a result of a 20% higher BW at the end of the rearing period. It was suggested that this was due to an earlier sexual maturity and higher peak production. Renema et al. (2001b) found the lowest total egg production for standard BW compared with lighter and heavier hens, which was caused by a higher number of defective eggs.
In conclusion, subjecting hens to an 8% higher target BW at the end of the rearing period by increasing feed intake resulted in a minor increase in abdominal fat content of the body but no effect on breast muscle at the end of the rearing period nor on body composition and production performance during the laying period.
Effect of Dietary Protein Level
In line with our expectations, this study showed that reducing dietary protein level resulted in an increased feed intake to meet the same BW target at the end of the rearing period. These results are similar to those of Lilburn and Myers-Miller (1990) , Miles et al. (1997) , Hudson et al. (2000) , and Hocking et al. (2002) , who found that providing low-protein diets with a similar energy content required more feed to reach the same target BW. In the present study, birds on CPm and CPl diets with an 8 and 16% decreased amino acid level, respectively, required only 4.6 and 10% more feed to reach a similar BW. It seems that the CPh diet is limiting in energy, and therefore these birds used amino acids as an energy source, inducing lower growth efficiency (less water accretion).
In the current study, no effects on CV were found between dietary protein levels at 5, 10, and 15 wk of age (Table 3) . Contrary to our results, Hudson et al. (2000) found a lower CV at 6 wk of age when pullets were fed a high dietary protein level (20 vs. 12% CP). The contrast in protein in that study, however, was much higher than in the current study, resulting in a larger difference in feed intake. In the present study, a lower CV was found at 20 wk of age for CPl birds compared with CPh and CPm birds. In contrast, in a study of Hocking et al. (2001) , CV at 24 wk of age was no longer affected by dietary protein level during the rearing period, whereas CV was lower at 12 and 18 wk of age when pullets were fed a high dietary protein level. It is hypothesized that the lower CV in the current study at 20 wk of age was due to the 10% increased feed intake of this diet during the rearing period, resulting in less competitive feeding behavior. The 4.6% higher feed intake of the birds on the CPm diet was probably not sufficient for achieving a lower CV.
Hens fed the CPm and CPl diets deposited more fat and less protein when fed different amounts of feed to achieve the same target BW at 10 and 20 wk of age (Table 5) mainly attained by an altered energy to protein ratio in the diet (Yeh and Leveille, 1969) or by fasting and refeeding (Rosebrough, 2000) . In the current study, the energy to protein ratio (kcal of AME n per g of CP) between 15 and 22 wk of age obviously differed in the CPm (19.3) and CPl (21.1) diets, relative to the CPh diet (18.1), which might have been resulted in an increased conversion of dietary carbohydrates to lipid deposition in the body. Breast muscle weight of the hens fed the CPl diet as compared with the CPh diet was decreased at 10 wk of age (13.5 vs. 14.4%) and 20 wk of age (16.4 vs. 17.9%). Abdominal fat pad weight of the hens fed the CPl diet compared with the CPh diet was increased at 10 wk of age (0.26 vs. 0.04%) and 20 wk of age (0.66 vs. 0.24%). Breast muscle and abdominal fat pad weights of the hens fed the CPm diets were mostly intermediate between hens fed the CPh and CPl diets. These results are in close agreement with those of Mba et al. (2010) , who found that feeding a 14% CP diet compared with a 16% CP diet resulted at 12 and 25 wk of age a 0.8 and 2.0% lower breast muscle weight and a 0.09 and 0.40% higher abdominal fat pad weight, respectively. Also, Miles et al. (1997) and Hudson et al. (2000) reported similar effects of changes in body composition due to changes in dietary protein level.
Surprisingly, dietary protein level did not affect abdominal fat pad at 15 wk of age (Table 5 ). This pattern in development of abdominal fat pad weight was previously reported by Bennett and Leeson (1990) , who found a decreased abdominal fat pad weight (% BW) between 2 and 14 wk of age followed by an increased fat pad weight between 14 and 24 wk of age. This phenomenon might be explained by the severe feed restriction level (about 25-33% of ad libitum intake) of the hens between 7 and 16 wk of age (Savory et al., 1996; De Jong et al., 2002; Mench, 2002; De Jong and Jones, 2006) . This severe feed restriction during midterm of rearing probably forced the hens to prioritize feed nutrients to major processes in the body. At the end of the rearing period (20 wk of age), feed allowances are gradually increased to allow the birds to deposit abdominal fat again.
Egg production was not affected by dietary protein level. Miles et al. (1997) and Pishnamazi et al. (2011) also found similar results. On the contrary, Hocking et al. (2002) observed a decreased egg production when hens were fed low-protein diets during rearing. In their study, however, the low-protein treatment had an extremely low protein content of 10% between 15 and 18 wk of age, where our low-protein diet only decreased to 12.8% in that period.
In conclusion, feeding low dietary protein levels during rearing resulted in decreased breast muscle weights, increased abdominal fat pad weights, and increased feed intake during the rearing period to obtain similar BW curves. When hens were fed subsequently a standard breeder diet with increasing amounts of feed, differences in body composition disappeared and no effects were found on egg production during the laying period.
The overall conclusion is that under the restrictions of the current study differences in dietary protein during the rearing period were more effective than modifying the growth pattern in changing body composition at the end of the rearing period. The hypothesis, that an increased abdominal fat content of the body at the end of the rearing period may improve reproductive performance during the laying period, needs to be rejected. That is, no effect of any of the dietary treatments on egg production could be detected. This study, therefore, revealed that our nutritional interventions that changed body composition toward the end of the rearing period were not severe enough to cause permanent differences in egg production. It seems that the broiler breeders in our study showed a large amount of resilience.
